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57 ABSTRACT 

A hybrid electric vehicle which is driven by a motor pow 
ered with electric power generated by an engine, wherein the 
cylinder, piston, and Sub-combustion chamber of the engine 
have insulation Structure So that heat Sufficient for evapo 
rating fed fuel is held in the sub-combustion chamber. The 
Sub-combustion chamber having a central communicating 
orifice is formed on the central portion of the piston head, a 
fuel collision table is formed in the Sub-combustion 
chamber, and a plurality of radial communicating orifices for 
jetting flame from the Sub-combustion chamber against the 
cylinder is provided, the burning is easy even with using a 
low pressure fuel injection mechanism, therefore a Solenoid 
Valve type injection pump with Simple Structure is used, the 
burning is Smooth with using alcohol fuel Such as methanol 
and ethanol, the fuel injection timing is adjusted depen 
dently on load to the optimal timing, the number of working 
cylinderS is controlled So as to match to the load, the control 
allows the engine to operate at the optimal fuel consumption, 
therefore emission of hazardous Substance contained in 
exhaust gas is minimized. The engine of the present inven 
tion needs no cooling mechanism, and also needs no heavy 
gear box and no clutch mechanism, the weight of the whole 
Vehicle is significantly reduced comparing With conven 
tional vehicles, the fuel consumption is reduced also in terms 
of the light weight. 

8 Claims, 11 Drawing Sheets 

9 

11 8 

7 

10 

7 

  



U.S. Patent Mar 16, 1999 Sheet 1 of 11 5,881.559 

s 
CN 

CO 

t S.O 



U.S. Patent Mar 16, 1999 Sheet 2 of 11 5,881.559 

SPEED 

POWER SUPPLY : TME 
FROM CAPACIOB ; ; ; ; ; ; ; 
AND/ORBATTERY N GENERATED 

; , ; ; ; POWER OF 
- ENGINE FULL 

: LOAD 

i -1/2 GENERATED 
POWER 

batten capacitor Atte, clection 
CHARGE CHARGE CHARGE CHARGE 

    

  





U.S. Patent Mar 16, 1999 Sheet 4 of 11 5,881.559 

PERMANENT 
MAGNET 

A/G 4A 
ROTOR 

PERMANENT 
N MAGNET 

  



U.S. Patent Mar 16, 1999 Sheet 5 of 11 5,881.559 

s LO 

l Sr. 

  



5,881.559 

NNNN8ZZZZZZZZZZ 

Sheet 6 of 11 

No.ZZZZZZZZZZ NÈZZZZZZZZZ ?º No. 
Z 

Mar 16, 1999 

A/G 64 

U.S. Patent 

1 

  

  

  

  

  

  

  



Sheet 7 of 11 5,881.559 Mar 16, 1999 U.S. Patent 

VII. (= 
NQ 

N 

  

  

  



U.S. Patent Mar 16, 1999 Sheet 8 of 11 5,881.559 

N. N 

O CO So CO Od 

CO 

QQ 3. 
S CO 
N 

al a 
O 

Sn E. SS 
t co 
In N T's, S J . 

ca 
OO 
CY) 



U.S. Patent Mar 16, 1999 Sheet 9 of 11 5,881.559 

A/G 9 
122 121 129 

123a ) 12 
X 
K Z/2 

5 (7/ A-44/7 2S2 
143 %. YZYYZ S2 127 
144 3S 2 2. 141 

S % % 6 

140 

71-72) (73 \74 N 

132 132b (132) 

140 

----------- 

132 

  

  



5,881.559 Sheet 10 of 11 Mar 16, 1999 U.S. Patent 

108 106 
A/G, ff 

ØZZZZZZZZZZZZZ 

Z 

2^`S Øzzzz 

113 114 

  

  

  

  



U.S. Patent Mar 16, 1999 Sheet 11 of 11 5,881.559 

A/G 73 
  



5,881.559 
1 

HYBRID ELECTRIC VEHICLE 

FIELD OF THE INVENTION 

This invention relates to a hybrid electric vehicle powered 
with electric power generated by a generator coupled to the 
output Shaft of an engine. This invention relates, more 
particularly, to a hybrid electric Vehicle powered with elec 
tric power generated by a generator coupled to the output 
shaft of the engine capable of recovering energy in exhaust 
gaS. 

DESCRIPTION OF THE PRIOR ART 

As a hybrid electric vehicle powered with electric power 
generated by a generator coupled to the output shaft of an 
engine, a hybrid electric vehicle shown in FIG. 13 has been 
widely known. The hybrid electric vehicle shown in FIG. 13 
operates the engine 51 under the condition for high effi 
ciency and low air pollution contaminant concentration in 
exhaust gas to drive the generator 52. Power generated by 
the generator 52 is charged in a battery 54 and also fed to a 
motor 55 through a controller 53. The motor 55 drives 
wheels 57 of the vehicle through a differential gear 56. In 
general, Such an electric Vehicle is structured So that gen 
erated output power from the generator 52 is Supplied as the 
power needed for constant speed running of the vehicle, and 
when more power is needed for acceleration or climbing, 
power is supplied from both the generator 52 and battery 54. 
However, when the generator output of the generator 52 is 
affordable, power is supplied to charge the battery 54. 

In the case of the above-mentioned conventional hybrid 
electric Vehicle, there are drawbacks in that the engine is a 
water cooling engine or a gasoline engine and thermal 
energy in exhaust gas is not recovered, whereby energy 
efficiency is decreased. 

In the case of the above-mentioned conventional hybrid 
power Source, the power Source is disadvantageous in that a 
generator is provided only on one end of the output shaft of 
the engine, and therefore the load exerted on the output shaft 
becomes unbalanced, resulting in the occurrence of early 
wearing and deterioration of bearings of the output Shaft, 
thus the life of the engine is short. 

Further in relation to the problem described herein above, 
the size and weight of the generator is limited, therefore it 
is disadvantageous also in that a generator having only 
limited output power relative to the output of the engine is 
installed. 

In addition, currently the word “vehicle” refers usually to 
vehicles which use a fossil-fueled internal combustion 
engine as a prime mover, though the thermal efficiency of an 
internal combustion engine of Such vehicles has been 
improved, much effort to reduce emission environmental 
pollution has been made to improve the efficiency. On the 
other hand, when the supply of fossil fuel is short, the use of 
renewable methanol and ethanol as an energy resource 
would be unavoidable. Such a global situation will be 
realized in the near future, and to cope with Such a situation, 
the use of renewable methanol and ethanol attracts attention. 
In Europe, Such renewable methanol and ethanol are in 
limited use, internal combustion engines used for methanol 
and ethanol have a cooling mechanism like conventional 
internal combustion engines, therefore the fuel evaporates 
and bums inefficiently; this type of engine is not Suitable for 
these renewable fuels. 

In View of rotation-torque characteristics of a reciprocal 
piston internal combustion engine, that is, torque is low at a 
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2 
low Speed range, high at an intermediate Speed range, and 
low at a high Speed range, a vehicle which is provided with 
Such an internal combustion engine needs a gear box and 
clutch mechanism. ESSentially, the gear box and clutch 
mechanism are heavy in weight and need a large Space, and 
result in a heavy and large sized vehicle. 
AS described hereinabove, conventional and current 

vehicles are disadvantageous in that fuel consumption is 
high and exhaust gas contains much hazardous Substances 
and also vehicle weight is high. 

SUMMARY OF THE INVENTION 

It is the primary object of the present invention to provide 
a hybrid electric vehicle driven by a motor powered with 
electric power generated by an engine which is capable of 
recovering energy exhausted from the engine to improve 
thermal efficiency. 

It is another object of the present invention to provide a 
hybrid electric vehicle as described above which accommo 
dates properly a generator with balanced engine load. 

It is a further object of the present invention to provide a 
hybrid electric Vehicle which is capable of accommodating 
a maximum sized generator in a narrow engine room Space 
of the vehicle. 

It is yet a further object of the present invention to provide 
a hybrid electric vehicle which uses no fossil fuel to thus 
reduce air pollution. 
To achieve the objects of the present invention, the 

present invention provides a hybrid electric Vehicle provided 
with an engine, a main generator driven by the engine to 
generate electric power, a motor provided on a drive shaft of 
wheels and powered with electric power generated by the 
main generator, and a controller for controlling the motor, 
wherein the engine has a combustion chamber insulation 
means consisting of ceramicS Such as Silicon nitride for 
increasing enthalpy of exhaust gas, an exhaust pipe having 
a turbo-charger and energy recovery turbine, a Sub-generator 
having permanent magnets as the rotor is provided on the 
shaft of the turbine and cylinder Switching means for con 
trolling the number of working cylinders of the engine is 
provided. The controller controls a load detection means for 
detecting loading on the engine and the cylinder Switching 
means corresponds to an output from the load detection 
means. In the present invention, the combustion chamber 
has a thermally insulated Structure as described hereinabove 
to prevent the heat from releasing to cooling water unlike 
conventional engines, and the enthalpy of exhaust gas is 
increased, and also the exhaust port and exhaust pipe are 
Structured and thermally insulated, a turbo-charger having a 
high Speed motor and an energy recovery turbine are pro 
Vided in the exhaust pipe in Series to recover thermal energy 
from exhaust gas, therefore the efficiency of the engine is 
Significantly improved. High efficiency of the engine is 
required for this hybrid system over the wide range of 
loading from partial load to full load, therefore the engine is 
Structured So that the number of working cylinderS is con 
trolled dependently on loading on the engine, thus the engine 
is operated always at the maximum efficiency. 
The present invention provides a hybrid electric vehicle 

provided with an engine, a main generator driven by the 
engine to generate electric power, a motor powered with 
electric power generated by the main generator and provided 
on a drive shaft of wheels, and a controller for controlling 
the motor, wherein the engine is powered with methanol 
fuel. The engine is provided with a combustion chamber 
insulation means consisting of ceramicS Such as Silicon 
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nitride for increasing enthalpy of the exhaust gas, a catalyst 
for reforming methanol to dimethyl-ether with high cetane 
number in the intake pipe, and a heater for heating the 
catalyst. The exhaust pipe is provided with a turbo-charger 
and an energy recovery turbine, a turbo-charger generator 
having a permanent magnet as the rotor is provided on the 
shaft of the turbo-charger, and a Sub-generator having a 
permanent magnet as the rotor is provided on the output 
shaft of the turbine. As described hereinabove, in this 
invention, methanol is used as a fuel for the engine. The 
combustion chamber has a thermal insulation Structure. 
Enthalpy of the exhaust gas is increased. A turbo-charger 
and energy recovery turbine are provided in the exhaust pipe 
to recover thermal energy from the exhaust pipe. Also, a 
catalyst is provided in the intake pipe of the engine to reform 
methanol to dimethyl-ether with a high cetane number, 
therefore the efficiency of the engine is significantly 
improved, and the combustion is greatly improved, thus the 
low-pollution vehicle is realized. 

Further, the present invention provides a hybrid electric 
vehicle provided with an engine and generator driven by the 
engine to generate electric power, and which releases power 
directly and indirectly through a battery, wherein methanol 
is used as fuel for the engine, the engine is provided with a 
combustion chamber consisting of ceramicS Such as Silicon 
nitride and a combustion chamber insulation means having 
a insulation layer on the outside of the combustion chamber, 
the main generators are provided on both ends of a crank 
shaft of the engine, and a controller for merging power 
outputs from the main generators and the energy recovery 
generator connected to the exhaust pipe and for driving the 
motor-generator coupled with the drive shaft of the vehicle 
is provided. 

Yet further, the present invention provides a hybrid elec 
tric Vehicle provided with an engine, a generator driven by 
the engine to generate electric power, a generator powered 
with recovered energy from exhaust gas, a motor powered 
with electric power generated by the generators and coupled 
with the drive shaft of wheels, and a controller for control 
ling the motor, wherein a capacitor and battery are provided 
for Storing electric power from the generators connected to 
the engine and from the motor coupled with the wheels. 

In this invention, the first and Second motor-generators 
having a permanent magnet rotor are provided on both ends 
of the crankshaft of the reciprocal multiple cylinder engine, 
therefore the load on the output shaft of the engine is 
balanced, and the balanced load leads to reduced vibration 
of the engine, reduced wear and deterioration of the bearings 
of the output shaft, and long Service life of the engine. For 
a four-cylinder engine, the Secondary unbalance during 
reciprocation period causes vibration of the engine, and to 
cope with the vibration, in Some cases, the Side wall of a 
cylinder body is provided with a double speed unbalance 
shaft to absorb vibration. The unbalanced shaft rotates at a 
Speed double the rotation Speed of the engine, therefore the 
use of the Shaft for the generator-motor leads to not only 
increased electric generation while the engine is operated at 
low speed but also absorption of the above-mentioned 
unbalanced vibration. The engine is provided with a turbo 
compound System on the exhaust System, therefore the 
engine has generators with three levels of Speed including 
the generator with high Speed, Secondary balanced shaft 
with intermediate Speed, and engine crank Shaft with low 
Speed, this structure favors the engine for continuous high 
efficiency operation. In general, the operational efficiently of 
generators and motorS is higher as the rotational Speed is 
nearer to the rated rotational Speed, the operation at the 
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4 
rotational Speed which gives high efficiency leads to the 
efficient use of energy. For example, when an engine is 
operated at low speed, a generator coupled with the double 
Speed unbalanced shaft is operated at high efficiency, and on 
the other hand when the engine is operated at full Speed, a 
generator coupled with the turbo-compound System is oper 
ated at high efficiency and also a generator coupled with the 
crank shaft is operated at high efficiency. The installation of 
these generators with different rotational Speeds leads to the 
high efficiency conversion of the engine power to electric 
power. 
AS described hereinabove, the combustion chamber of the 

engine consists of a thermal insulation material Such as 
ceramics. Therefore a cooling System of the engine is not 
needed, the Structure of the engine is simplified, energy 
concentrated in the exhaust System is converted to power, 
and the engine is made light in weight and Small in size. 
Generators are provided on both sides of the output shaft of 
the engine, therefore the Structure of the hybrid power 
Source is simplified and the efficiency is improved. 
The present invention provides a hybrid electric vehicle 

provided with a engine having a structure in which a piston 
has a Sub-combustion chamber, a fuel injection nozzle is 
provided on the cylinder head, fuel from the injection nozzle 
is sprayed through the central communicating orifice with a 
small diameter provided on the top of the sub-chamber, the 
sub-combustion chamber is provided with fuel collision 
table in the internal thereof and formed of thermal insulation 
Structure around the chamber, a plurality of radial commu 
nicating orifices is provided on the head of the piston to 
Spread fire generated in the Sub-combustion chamber to the 
direction of the cylinder side wall. The cylinder and the 
outside of the combustion chamber of the upper side of the 
cylinder are formed of a thermal insulation Structure. A 
generator is coupled with the output shaft of the engine. A 
motor fed with electric power from the generator drives the 
wheels. An energy recovery means recovers exhaust energy 
included in exhaust gas from the engine in a form of electric 
power. The first Storage means Stores instantaneous Surplus 
power generated from the generator-motor of the vehicle 
and releases the power to the electric System. The Second 
Storage means Stores redundant Surplus power generated by 
the generator and releaseS redundantly the power to the 
electric System. A Super-charging device is driven by the 
electric System in the vehicle to Super-charge the engine. A 
controller controls the power frequency and current depen 
dently on the characteristics of the motor. In this invention, 
the generators loaded on both ends of the output shaft of the 
engine are optionally disconnectable, the generator is con 
nected to the turbine as an exhaust recovery device, and the 
fuel energy is recovered Sufficiently. The engine is operated 
with alcohol fuel, the inlet valves and exhaust valves are 
operated electro-magnetically, the Sub-combustion chamber 
provided on the piston head of the internal combustion 
engine is formed at the center of the piston head, the fuel 
pump of the engine is operated electro-magnetically and 
provided on each cylinder, and the fuel distributor feeds fuel 
to only working cylinders. The engine has a plurality of 
cylinders, the number of working cylinderS is controlled 
depending on the engine load, each cylinder is operated in 
the optimal fuel consumption range. A rotation Sensor and 
load Sensor are mounted on the output shaft of the engine for 
detecting rotation Speed and load on the Shaft, and at least 
the number of working cylinders and the operation timing of 
the inlet valves and exhaust valves are controlled by the 
Signal generated from the rotation Sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the whole structure 
of the present invention. 
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FIG. 2 is a conceptual diagram illustrating the control 
concept of the present invention. 

FIG. 3 is a conceptual diagram illustrating the cylinder 
control of the engine of the present invention. 

FIGS. 4A and 4B are diagrams illustrating the structure of 
the main generator of the present invention. 

FIG. 5 is a block diagram illustrating the structure of 
another embodiment of the present invention. 

FIGS. 6A and 6B are schematic diagrams illustrating the 
Structure of the engine used in the present invention. 

FIG. 7 is a cross-sectional view of the motor-generator 
used in the embodiment of the present invention. 

FIG. 8 is a block diagram illustrating the structure of yet 
another embodiment of the present invention. 

FIG. 9 is a cross-sectional view of the engine used in the 
present invention. 

FIG. 10 is a plan view illustrating the top side of a piston 
of the engine used in the present invention. 

FIG. 11 is a cross-sectional view of an exhaust valve of 
the engine used in the present invention. 

FIG. 12 is a partial croSS-Sectional view of an exhaust 
Valve of the engine used in the present invention. 

FIG. 13 is a block diagram illustrating the whole structure 
of a conventional hybrid elect vehicle. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention are described in 
detail hereinafter, with reference to the drawings. FIG. 1 
shows the entire structure of the first embodiment. In FIG. 
1, the numeral 1 represents a diesel engine in many cases, 
the combustion chamber of the engine 1 is formed of 
ceramics Such as Silicon nitride and insulated with insulation 
layerS provided on the outside and outer peripheral Surface 
of the exhaust outlet wall. The numeral 2 represents a main 
generator that obtains a magnetic field using a permanent 
magnet moving at a speed increased by a planetary gear or 
has the permanent magnet rotor. The numeral 3 represents a 
turbo-charger provided in the exhaust pipe of the engine 1 
and having a motor-generator 3a on its rotation shaft; this is 
a widely known device for compressing air intake by 
thermal energy in exhaust gas from the engine 1. The 
numeral 4 represents a turbine driven by thermal energy of 
exhaust gas from the engine 1, a Sub-generator 5 is provided 
on the output shaft 4a thereof. The motor-generator 3a and 
Sub-generator 5 are both permanent magnet type generators 
having permanent magnet rotorS. 

Output power generated by the main generator 2, motor 
generator 3a, and Sub-generator 5 is controlled by a con 
troller 6 So as to be the same Voltage, the frequency is 
adjusted to a prescribed value by an inverter 6a, thus the 
output power is regulated Suitably for driving axle shafts, 
and is supplied to motors 7. When surplus power is 
available, power is controlled to be fed to a capacitor 10 and 
battery 11. The controller 6 also controls a cylinder control 
actuator 12 provided on the engine 1. The control will be 
described hereinafter. 

The motors 7 drive wheels 9 respectively through reduc 
tion gears 8. 

FIG. 2 is a figure illustrating the concept of operation of 
the first embodiment. Operations in the embodiment are 
described referring to FIG. 1 and FIG. 2. The operation of a 
vehicle is a repetition of acceleration, running at constant 
Speed, deceleration, and Stopping. FIG. 2 represents a Sim 
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6 
plified operation of a vehicle. In FIG. 2, a operation pattern 
comprising acceleration at low speed, running at a constant 
Speed, and deceleration, and another operation pattern com 
prising acceleration at high Speed, running at a constant 
Speed, and deceleration are shown. 
Power supplied to the motors 7, namely the driving force 

of the motors 7, is shown at the bottom of the figure 
respectively for each pattern. 

Usually, the axle shaft motors 7 need more power for 
acceleration than when running at a constant Speed. The total 
full output power generation by the main generator 2, 
motor-generator 3a, and Sub-generator 5 in this embodiment 
is prescribed to a value Smaller than the total power needed 
for acceleration as shown in FIG. 2. To Supply output power 
needed for acceleration, a very large engine is necessary. To 
avoid the use of Such a large engine, the under power for 
acceleration is controlled by the controller 6 to Supply the 
power from the capacitor 10 and/or battery 11. When the 
motorS 7 are in high loaded condition Such as acceleration or 
climbing and full parallel operation of the main generator 2, 
motor-generator 3a, and Sub-generator 5 is insufficient for 
continuous acceleration or climbing. First the capacitor 10 
Supplies the deficient power if the capacitor is charged and 
ready for discharging, or if the capacitor 10 is insufficiently 
charged and not ready for discharging, the battery 11 Sup 
plies the deficient power. The capacitor 10 is charged during 
deceleration, that is, the main generator 2, and/or motor 
generator 3a, and Sub-generator 5 are operated and also the 
motorS 7 are operated regeneratively as a generator to 
regenerate braking power to charge the capacitor 10. The 
regenerative operation of the motorS 7 is Served as a function 
that is called engine brake. The battery 11 is charged during 
constant speed running if Surplus power from the main 
generator 2 and/or motor-generator 3a, and Sub-generator 5 
is available. Next, the number of cylinder Switching control 
is described. The cylinder control actuator 12 controls the 
cylinders to Stop the motion of Some cylinders when 
required power for the motors 7 is small and the work per 
cylinder is increased because frictional loSS due to intake 
and exhaust motion of the reciprocal engine is large, and the 
loSS is reduced and fuel consumption is improved. Then, the 
number of working cylinderS is reduced to a half. In detail, 
intake and exhaust valves of non-working cylinders are 
maintained closed to reduce the number of working cylin 
ders. This control is exerted when required power for the 
motors 7 is lower than power generation of the half cylinder 
operation during constant Speed running as shown in the 
bottom figure in FIG. 2 for low speed pattern. 

The load-engine torque characteristics of the engine 1 
when the cylinders are controlled is shown in FIG. 3. FIG. 
3 shows an exemplary characteristic of a four-cylinder 
engine. In the case of a four-cylinder engine, the fuel 
consumption is optimal in an engine load range of 2/4 to 34, 
and in a generated torque range of around 2/3 of the maxi 
mum torque. That creates the highest engine efficiency. 
Therefore, it is desirable that the engine of the hybrid 
electric Vehicle is always operated in this range for high 
efficiency. However, because the actual load fluctuates to a 
large extent depending on the required power for the motors 
7 as shown in FIG. 2, it is difficult to always operate in the 
optimal efficiency range. To cope with this difficulty, in the 
embodiment of the present invention, the engine load is 
monitored, and when the engine load is low, the engine is 
controlled to be operated using two cylinders. 

In FIG. 1, a structure where motors are provided for each 
driving wheel is shown. However, a structure in which 
wheels are driven through a differential gear may be Selected 
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as shown in the conventional embodiment. In the case that 
wheels are driven through a differential gear, a structure in 
which a planetary gear power transmission mechanism is 
provided between a driving shaft and a motor, a plurality of 
pinions of the planetary gear is provided, motors provided 
for each pinion may be Selected. In this case, the number of 
working motorS is controlled depending on the running load 
to operate the engine at the optimal efficiency range in the 
rotational Speed of the motor and output characteristics. AS 
shown in FIGS. 4A and 4B, the planetary gear is used for the 
main generator 2, with the size of the planetary gear being 
prescribed to the minimum size. In Such a structure, the 
transmitted power from the crank shaft C is transmitted to 
the peripheral gear and rotated. The radius of the rotor is 
large, the periphery of the rotor is formed in the shape of a 
Stepwise rectangular wave form, permanent magnets are 
placed with the rotor therebetween, the magnetic field is 
passed and shut alternately, and electric power is generated 
in a coil wound on the permanent magnet circuit. Small 
motorS M are mounted on the planetary gears 21 to 23 to 
generate electric power. 

In this embodiment, the combustion chamber of the 
engine has a thermal insulation Structure that increases 
enthalpy of that exhaust gas. A turbo-charger and energy 
recovery turbine are provided in the exhaust pipe to recover 
thermal energy of the exhaust gas, therefore the efficiency of 
the engine is greatly improved. The number of working 
cylinderS is controlled depending on the loading condition of 
the engine, therefore the engine is always operated at 
optimal efficiency. 

Next, an embodiment in which methanol is used as fuel, 
and a reformer for reforming methanol fuel to a fuel with a 
high cetane number Such as dimethyl-ether is provided in the 
air intake passage is described referring to FIG. 5. In FIG. 
5, the same member as shown in FIG. 1 is provided with the 
same numeral, and description is omitted. In FIG. 5, the 
numeral 14 represents a catalyst and the numeral 13 repre 
Sents an electric heater for heating the catalyst 14. The 
electric heater 13 is supplied with electric power by the 
controller 6 when the temperature of the engine is low. The 
thermal insulation structure of the combustion chamber of 
the engine favors combustion of methanol with a low cetane 
number because of high temperature of the wall. However, 
when the atmospheric temperature is low, the wall tempera 
ture does not rises when the engine operation is started, and 
methanol burns incompletely. When, methanol is reformed 
partially to dimethyl-ether using the catalyst and heater by 
about 10%, the cetane number is significantly improved and 
diesel combustion is possible. By using this type of device, 
combustion over the full range is improved. After the 
temperature rising, reforming to dimethyl-ether proceeds 
Sufficiently, and the engine functions as a wall firing diesel 
engine. 

In this embodiment, methanol is used as fuel for the 
engine, the thermal insulation Structure is provided to the 
combustion chamber of the engine to increase the enthalpy 
of the exhaust gas, and the turbo-charger and energy recov 
ery turbine are provided in the exhaust pipe to recover 
thermal energy from the exhaust gas. Therefore, the effi 
ciency of the engine is improved to a large extent. In 
addition, the catalyst for reforming methanol to dimethyl 
ether with a high cetane number is mounted in the air intake 
passage of the engine, thus improving the combustion to a 
large extent, and a low-pollution hybrid electric vehicle is 
realized. 

Next, an embodiment of an engine used preferably for the 
hybrid electric vehicle shown in FIG. 1 is described in detail 
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8 
referring to the drawings. FIGS. 6A and 6B show the 
structure, FIG. 7 is a side view of the engine, and FIG. 8 is 
a block diagram illustrating the whole Structure of this 
embodiment. In FIGS. 6A and 6B, the numeral 25 represents 
the cylinder head consisting of cast aluminum or cast iron, 
and the head liner 26 consisting of ceramicS Such as Silicon 
nitride is engaged to the combustion chamber. The numeral 
27 represents a piston consisting of cast aluminum. The 
numeral 28 represents a cylinder liner consisting of ceramics 
Such as Silicon nitride engaged to the engine body. Other 
members Such as a crank shaft C and control rod 29 are 
provided like a conventional engine. Generators 2" and 2" 
comprising permanent magnet rotorS 32 and 33 and Stators 
34 and 35 respectively are provided on both ends 30 and 31 
of the crank shaft C. The generator 2 and 2" are equivalent 
to the main generator 2 shown in FIG. 1. A large diameter 
gear 36 is mounted on one end 30 of the crank shaft C, the 
motor-generator 38 is connected to the large diameter gear 
through a Small diameter gear 37. The gear ratio of the large 
diameter gear to the Small diameter gear is 2:1. Therefore, 
the motor-generator 38 is rotated at a Speed twice the 
rotational Speed of the engine. The motor-generator 38 is 
added to the embodiment shown in FIG. 1. 

As shown in FIG. 7, a shaft 40 having the small diameter 
gear 37 and unbalanced spaces 39 is provided to the motor 
generator 38, a permanent magnet type rotor 41 is fixed on 
the Shaft 40, and a Stator 42 is provided with a gap interposed 
therebetween around the rotor 41. The unbalanced spaces 39 
provided on the shaft 40 are provided so that an unbalanced 
force is exerted in the opposite direction to the motion of the 
piston 3 of the engine. Therefore, the unbalanced force 
reduces vibration and noise having a frequency twice the 
engine rotational speed or second order of the rotation. 

Operations of the embodiment shown in FIGS. 6A, 6B, 7, 
and 8 are described hereinbelow. The operation of a vehicle 
is a repetition of acceleration, running at a constant Speed, 
deceleration, and Stopping. Usually, the motor 7 requires 
more power for acceleration than when running at a constant 
Speed. Full generation power from the generators 2" and 2" 
is designed So as to be insufficient for acceleration. The 
under power for acceleration is Supplied from the capacitor 
10 and/or battery 11 under the control of the controller 6. 
When the motors 7 are loaded heavily, for example, for 
acceleration or climbing, though the generators 2" and 2" are 
operated at the full power, if the power is insufficient for the 
load, the under power is Supplemented by the capacitor 10 
when the capacitor 10 is charged and ready for power 
Supply. If the capacitor is charged insufficiently and not 
ready for power Supply, the under power is Supplemented by 
the battery 11. The capacitor is charged during deceleration 
with power from generators 2" and 2" and also from the 
regenerative operation of the motorS 7, that is, the motorS 7 
are operated as the generator to generate electric power for 
charging the capacitor. The regenerative operation of the 
motorS 7 is Served also as a function that is called engine 
brake. The battery 11 is charged while running at a constant 
Speed and Surplus power is available from the generators 2 
and 2". The motor-generator 38 is operated as the generator 
when output power generated from the generators 2" and 2" 
is insufficient and power generated by the motor-generator 
38 is supplied to supplement the under power. The motor 
generator 38 is operated as the motor to Supplement the 
insufficient output of the engine when the output of the 
engine is insufficient. The controller 6 controls the motor 
generator 38. 

In this embodiment, the first and Second motor-generators 
having a permanent magnet rotor are provided on both ends 
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of the crankshaft of the reciprocal multiple cylinder engine, 
therefore weight loaded on the output shaft of the engine is 
balanced. The balanced weight leads to reduced wear and 
deterioration of the bearing of the output shaft. Thus, the 
engine is provided with long life. 

The combustion chamber of the engine is formed of 
insulation material Such as ceramics, therefore a cooling 
System of the engine is needless, the engine is simplified, 
and Such Structure allows the engine to be light weight and 
Small in size. The generators are provided on both ends of 
the crank shaft, the Structure of the hybrid power Source is 
Simplified, and the efficiency is improved. 
An embodiment of an engine used preferably for the 

hybrid electric vehicle shown in FIG. 1 is described in detail 
referring to FIGS. 9 to 12. 

FIG. 9 is a partial cross-sectional view for illustrating the 
cylinder Structure of each cylinder of the engine 1 shown in 
FIGS. 1, 5, and 8. The cylinder liner 125 consisting of high 
Strength and heat resistant ceramic Such as Silicon nitride is 
inserted inside the peripheral Surface of the cylinder of the 
cylinder body 120. The cylinder head liner 127 is inserted 
with a gasket 126 interposed between the top of the cylinder 
liner 125 and the head liner 127. The cylinder head liner 127 
also consists of high Strength and heat resistant ceramics 
such as silicon nitride. The numeral 128 represents the 
cylinder head provided above the cylinder body 120. The 
numeral 140 represents the piston, which is contained in the 
cylinder liner 125 and cylinder head liner 127 and moves 
Slidably in the Vertical direction corresponding to the motion 
of the engine. Piston ringS 141 are engaged on the sliding 
portion of the piston 140. 
The numeral 130 represents the sub-combustion chamber 

buried at the central portion of the top of the piston 140, the 
Sub-combustion chamber consists of high Strength and heat 
resistant ceramic material Such as Silicon nitride and a 
composite material of Silicon nitride and fibrous material. 
The top of the piston head is provided with a small central 
communicating orifice 131 corresponding to the fuel injec 
tion nozzle 121 provided on the cylinder body 120 and 
provided with a plurality of radial communicating through 
orifices 132 extending radially toward the inside wall of the 
cylinder head liner 127. The cross-sectional shape of the 
opening 132a of the radial communicating orifice 132 at one 
end on the inside wall of the Sub-chamber 130 is circular. On 
the other hand, the croSS-Sectional shape of the upper 
opening 132b of the radial communicating orifice 132 at the 
other end facing the main combustion chamber 150 is 
elliptical as shown in the top view of FIG. 10, the cross 
Sectional area of the passage of the circle and ellipse is the 
Same or the croSS-Sectional area of the ellipse is Smaller than 
that of the circular area ranging between 100 and 80%. The 
plurality of radial communicating orifices 132 penetrate 
helically in the vertical direction with the same rotational 
direction, therefore a flame and fuel-air mixture gushing out 
against the inside wall of the cylinder from the sub 
combustion chamber 130 through a radial communicating 
orifice 132 form a Swirl. A fuel collision table 133 with a 
trapezoidal shape having an upper plane perpendicular to the 
fuel injection direction from the fuel injection nozzle 121 is 
formed at the center of the Sub-combustion chamber 130. 
Fuel injected against the plane is Scattered radially toward 
the circumference of the cylinder. 

The Sub-combustion chamber 130 is fixed to the piston 
with a fixing ring 142, thermal insulation gasket 143 and air 
space 144 provided for thermal insulation of the Sub 
combustion chamber 130, and an undercover 146 is 
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mounted under the Sub-combustion chamber with interpo 
sition of thermal insulation air space 145 to prevent lube oil 
from Splashing into the Sub-combustion chamber. The cover 
146 may be integrated with the piston 140. 
The numeral 123 represents the intake valve for opening 

closing the intake port 123a, and the numeral 124 represents 
the exhaust valve for opening-closing the exhaust port 124a, 
both valves are fixed on the bottom of the cylinder headliner 
27. The fuel injection nozzle 121 for feeding fuel provided 
to the cylinder head 128 is covered with heat insulator 122 
for thermal insulation. 

The numeral 129 represents the fuel injection nozzle 
control Solenoid valve operated in response to output from 
the controller 6. The numeral 151 represents the fuel injec 
tion pump, the injection pump also may be controlled by the 
output from the controller 6. 
The engine 1 is a multiple cylinder engine; in the 

embodiment, it is a four-cylinder engine. The number of 
working cylinders of the engine 1 is controlled depending on 
the rotation speed and load detected by the rotation sensor 73 
and load Sensor 72, respectively, and the number of working 
cylinderS is controlled So that working cylinders are oper 
ated at the maximum efficiency. The load sensor 72 detects 
a stroked distance of the accelerator pedal as the load. The 
engine 1 has a thermal insulation Structure and has no 
cooling System for the cylinders. Such Structure allows the 
output shaft to project outside from both ends of the engine 
1 as shown in FIG.8. Therefore two main generators 2" and 
2" can be provided at the front and the rear of the engine 1. 
Output from the controller 6 controls the control solenoid 
valve 129 so that fuel is fed to only working cylinders 
operated depending on load and rotation speed of the engine 
1. 

Next, operations of the engine having Such structure is 
described. In the late period of compression Stroke when a 
piston 140 rises, the air is compressed to cause temperature 
rising and pressurization in the interior of the Sub 
combustion chamber 130. When this condition is prepared, 
methanol fuel is injected from the fuel injection nozzle 121 
onto the fuel collision table 133 in the Sub-combustion 
chamber 130, the fuel is scattered toward the circumference 
of the sub-combustion chamber so that fuel is readily 
Vaporized and fired, and the fuel is ignited in the Sub 
combustion chamber 130. The ignited fuel gushes out from 
the periphery of the piston through radial communicating 
orifices 132, is then mixed with air in the main combustion 
chamber 150, and is then fired more violently. Such com 
bustion is repeated, and the wall of the Sub-combustion 
chamber is heated to form the heated layer. The timing of 
fuel injection is controlled based on Signals from the rota 
tional position sensor 71, load sensor 72, rotation sensor 73 
and fuel flow rate sensor 74 of the engine 1. 

After forming of the heated layer on the wall of the 
Sub-combustion chamber 130, when methanol fuel is 
injected from the fuel injection nozzle 121 into the Sub 
combustion chamber 130 through the central communicat 
ing orifice 131, the fuel is brought into contact with pres 
surized air in the Sub-combustion chamber 130 containing 
compression heat and the high temperature inside wall of the 
Sub-combustion chamber 130. The fuel receives much heat 
from the heated layer and is readily vaporized and ignited. 
When the piston 140 is positioned around the top dead 
center, the Sub-combustion chamber 130 is under the con 
dition in which the Sub-combustion chamber 130 is almost 
closed because the area for passage of the central commu 
nicating orifice 131 is Small, flame generated by ignition and 
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Volume expansion and unburnt fuel-air mixture erupt 
through the plurality of radial communicating orifices 132 
against the Surrounding inside wall of the cylinder instan 
taneously. 

Because the opening 132b of the radial communicating 
orifice 132 is elliptical with the major axis in the radial 
direction, the erupted combustion gas and unburnt fuel-air 
mixture reach the corner of the cylinder head liner 127. 
Because the passage of the radial communicating orifice is 
Spiral, the combustion gas and unburnt fuel-air mixture form 
a Swirl flow in the space between the cylinder headliner 127 
and the piston 140, which space forms the main combustion 
chamber 150. Thus the combustion gas and unburnt fuel-air 
mixture are mixed with air in the main combustion chamber 
150 and burn explosively to generate high pressure, which 
presses down the piston 140 to drive the engine. 

The intake valve 123 and exhaust valve 124 in the 
embodiment are operated electro-magnetically. Various 
methods for electro-magnetic operation of the intake valve 
and exhaust valve are available. FIG. 11 is a cross-sectional 
View for illustrating one example of Such a method, and FIG. 
12 is a partial croSS-Sectional view for illustrating an open 
condition of the exemplary valve. The intake valve 123 and 
exhaust valve 124 are valves to open-close the intake port 
123a and exhaust port 124a respectively, both valves have 
the almost Same Structure, therefore only the Structure of an 
intake valve 123 is described herein. 

In FIG. 11 and FIG. 12, the numeral 123 represents an 
intake valve, the stem 111 is borne by the valve guide 112, 
the valve element 114 sits on the valve seat 113 to close the 
passage when the valve is closed. 

The numeral 102 represents a Spring, the Spring is pro 
vided between the upper seat 103 fixed at the prescribed 
position on the stem 111 and the cylinder head 25, the spring 
exerts elastic force on the intake valve 123 to force it to the 
upper position continuously, namely a closed valve position. 

The numeral 104 represents a plunger consisting of a 
ferromagnetic material. The plunger is fixed at the upper 
position of the Stem 111, and the plunger is attracted by the 
electromagnetic actuator 105, which will be described 
hereinafter, to open the intake valve 123. A ring permanent 
magnet 106 is provided above the plunger 104, the ring 
permanent magnet 106 being magnetized, for example, N 
pole on the top and Spole on the bottom. 

The electromagnetic actuator 105 is provided with a shell 
type core 109, a ring exciting coil 107 for exciting the core 
109, and a ring driving coil 108 provided above the core 109, 
and fixed at the prescribed position above the cylinder head 
25. The exciting coil 107 is supplied with a current to 
generate electromagnetic power, then the exciting coil 
attracts the plunger 104 having the permanent magnet 106 
downward and the driving coil 108 is supplied instanta 
neously with a heavy current from the capacitor 10 to form 
a magnetic circuit as shown in FIG. 11 with a dotted line. 
AS described hereinabove, when the intake valve 123 is 

opened, the exciting coil 107 and driving coil 108 are 
Supplied with a current, the electromagnetic force causes 
attraction force for attracting the ferromagnetic plunger 104 
and also causes downward driving force in the permanent 
magnet 106, thus the stem 111 is moved downward to open 
the intake valve 123. 

Next, when the current supply to the exciting coil 107 is 
discontinued to close the intake valve 123, the plunger 104, 
which has been positioned downward by the attraction force, 
is driven upward by the elastic force of the spring 102 to 
close the intake valve 123, when the permanent magnet 106 
positioned as shown in FIG. 12 returns upward. 
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Next, operations of the embodiment are described. When 

a driver operates the accelerator pedal to drive the vehicle, 
an output from the load Sensor 72 is detected immediately, 
and stored in the controller 6. The controller 6 continues the 
operation of the engine 1 until the vehicle Speed attains the 
Speed corresponding to the output from the load Sensor 72. 
During this operation, the number of working cylinder of the 
engine 1 is controlled. The engine 1 is controlled So that 
working cylinders are always operated at the optimal effi 
ciency range, that is, when Surplus power is available, the 
engine 1 is controlled immediately to reduce the number of 
working cylinders, on the other hand when the output is 
insufficient, the engine 1 is controlled to increase the number 
of working cylinders by operating resting cylinders. The 
intake valve 123 and exhaust valve 124 of resting cylinders 
are not operated, and the intake port 123a and exhaust port 
124a are closed, the resting cylinders are Served for pumping 
operation to reduce the load on working cylinders. 
A turbo-charger 3 is inserted in the exhaust System of the 

engine 1, and another turbine 4 is fixed downstream from the 
turbo-charger 3. When the engine is rotated at high Speed 
and high temperature exhaust gas is exhausted at a high rate, 
two turbines are rotated by exhaust energy of the exhaust 
gas. The output of the turbines is used to drive the motor 
generator 3a as a generator to recover the output, and also 
exceSS exhaust energy drives the turbine 4, and the turbine 
4 drives the sub-generator 5 to recover additional exhaust 
energy. 

On the other hand, the engine 1 is fueled with methanol 
or ethanol. The heating value of this alcohol fuel is half of 
fossil fuels. Such as gasoline and light oil, therefore more fuel 
should be fed than is the case of a fossil fuel. For this reason, 
alcohol fuel absorbs a large amount of heat as heat of 
Vaporization from the combustion chamber compared with 
fossil fuel. In the embodiment of the invention, the Sub 
combustion chamber 130 is structured with thermal insula 
tion. The heated layer is formed on the wall. Fuel injected 
onto the fuel collision table 133 of the Sub-combustion 
chamber 130 is scattered and collided against the wall of the 
Sub-combustion chamber 130. Therefore, methanol or etha 
nol fuel absorbs a large amount of heat from the wall and 
Vaporizes instantaneously. The wall of the Sub-combustion 
chamber 130 is provided with efficient thermal insulation, 
then upon burning internally, absorbed heat as heat of 
Vaporization is Supplemented, and the heated layer is formed 
on the wall again. 
The main generators 2" and 2" are rotated by the engine 1. 

An output is fed to the controller 6 and then to the motors 
8. The wheels 9 are operated, then the vehicle is accelerated. 
The vehicle speed is always monitored by the controller 6. 
The Speed is compared with a Speed equivalent to the 
stroked distance of the accelerator pedal. When both speeds 
become the same Speed, the controller 6 reduces the power 
supply to the motors 8 to the power level sufficient for only 
maintaining the vehicle Speed at a current Speed including 
Supplementing for various frictional resistance losses. 
Naturally, output generation of the main generators 2" and 2" 
decreases and output of the engine 1 also decreases. 
Consequently, output of the cylinderS decrease, and the 
efficiency of the cylinders decreases. The controller 6 detects 
the decrease, operates the calculation that the output of the 
main generator 2" and 2" is divided by the maximum output 
from a single cylinder operated under the maximum effi 
ciency to determine the required number of working 
cylinders, compares the current number of working cylin 
ders with the required number of working cylinders, and if 
the current number of working cylinderS is larger than the 
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required number of working cylinders, Some working cyl 
inders are stopped. To Stop the operation of cylinders, the 
operation of the intake valve and exhaust valve of the 
cylinders to be stopped may be halted. 
When a vehicle is accelerated and moved at a high Speed, 

the engine 1 exhausts a large amount of high temperature 
exhaust gas. Under Such a condition, the turbo-charger 3 
drives the compressor to operate the Supercharging. In 
addition, the motor-generator 3a of the turbo-charger 3 
functions as a generator to recover exhaust energy as electric 
power. Also the Sub-generator 5 recovers exhaust energy as 
electric power. These recovered electric power is Sent to the 
controller 6 and distributed to the motors 9 as driving power, 
and when Surplus power is still available, the electric power 
is sent to the battery 11, a lead-acid battery, for Storage. 
However, when braking, the generators generate a large 
current instantaneously, the lead-acid battery cannot accept 
Such instantaneous large amounts of electric power for 
charging, and instead, the Surplus power is Sent to the 
capacitor 10 and the capacitor 10 instantaneously absorbs 
the Surplus power for Storage. The capacity of the capacitor 
10 is not as large as that of the battery 11. The controller 6 
for controlling charging and discharging is operated upon 
completion of full charging of the capacitor 10 to transfer the 
instantaneously charged power in the capacitor 10 with 
redundancy to the battery, and the charge in the capacitor 10 
is returned to about Zero and the capacitor 10 is ready for the 
next instantaneous charging operation. 
When the vehicle is climbing up a steep slope, the main 

generators 2" and 2" are heavily loaded. Also the engine 1 is 
heavily loaded, the rotation Speed of the engine 1 slows 
down in Spite of full operation. In Such a condition, the main 
motors 2" and 2" Supply electric power to the motor 
generator 3a of the turbo-charger 3 to operate the motor 
generator 3a as a motor. The motor-generator 3a drives the 
compressor to operate Supplemental Supercharging. How 
ever in Such a condition, Surplus power from the main 
generators 2" and 2" is not available for loads other than 
power to drive the motors 8. In such a case, the controller 6 
controls the battery 11 to supply power to the motor 
generator 3a of the turbo-charger 3, then the turbo-charger 
3a is operated for Supercharging. When the motor-generator 
3a needs a feed of instantaneous current, the controller 6 
transfers power from battery 11 to the capacitor 10, the 
power is Supplied instantaneously from the capacitor 10 to 
the motor-generator 3a. When the vehicle is driven around 
curves, the rotation speed of the wheel is different between 
the inner wheel and outer wheel. The rotation speed of the 
motor 8 coupled with the wheel 9 is adjusted so as to 
Smoothly rotate based on learning of the rotation of indi 
vidual wheels for curved driving. 
As described hereinbefore, in this embodiment, cylinders 

of the engine, pistons, and Sub-combustion chambers are 
provided with a thermal insulation structure. Heat sufficient 
for evaporation of fed fuel is held in the sub-combustion 
chambers. A Sub-combustion chamber having a central 
communicating orifice at the center of the piston head is 
formed. A fuel collision table is formed in the Sub 
combustion chamber. A plurality of radial communicating 
orifices for jetting flame from the Sub-combustion chamber 
toward the cylinder is provided. Burning is easy even with 
use of a low pressure fuel injection mechanism, therefore, 
Simply Structured Solenoid valve type fuel injection nozzles 
and Solenoid valve type fuel injection pumps can be used. 
Alcohol fuel Such as methanol and ethanol is burnt 
Smoothly, the fuel injection timing is adjusted to the optimal 
timing depending on the load, the number of working 
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cylinderS is adjusted depending on load to operate the engine 
at the optimal fuel consumption, and the amount of hazard 
ouS Substance in the exhaust gas is minimized. The engine 
of the present invention needs no engine cooling 
mechanism, no heavy weight gearbox and no clutch mecha 
nism. The weight of the whole vehicle is reduced compared 
with conventional vehicles, and the fuel consumption is 
improved also in terms of the light weight. 
What is claimed is: 
1. A hybrid electric vehicle comprising: 
an engine having an exhaust System, 
a main generator driven by Said engine for generation of 

power, 
dynamo-electric machines coupled with a drive shaft of a 

pair of wheels driven by the power from said main 
generator, and 

a controller for controlling Said dynamo-electric 
machines, 

combustion chambers formed in Said engine and consist 
ing of ceramic material and a thermal insulation mem 
ber with an insulation layer provided on an outside 
periphery of a wall of the exhaust System, 

a turbo-charger provided in the exhaust System, 
an energy recovery turbine provided downstream from 

Said turbo-charger, 
Sub-generators coupled with shafts of Said turbo-charger 

and energy recovery turbine, respectively, and 
a controller for merging output electric power obtained 

from Said Sub-generators and for driving the hybrid 
electric Vehicle. 

2. A hybrid electric vehicle as claimed in claim 1, further 
comprising: 

a heater for heating fuel provided in the exhaust System of 
the engine, 

a temperature Sensor fixed to the engine, 
a catalyst for reforming a fed fuel to a fuel with a higher 

cetane number than that of the fed fuel provided 
downstream from Said heater, and 

a power Supply control member for Supplying electric 
power to the heater in response to a Signal from the 
temperature Sensor when the temperature of the engine 
is low. 

3. The hybrid electric vehicle as claimed in claim 2, 
wherein the crank Shaft of the engine and a speed increasing 
power transmission member are connected So that the Speed 
increasing power transmission member is rotated at a speed 
twice that of the crank Shaft, the main generator is coupled 
with a shaft which is rotated in a direction reverse to that of 
the crank Shaft, wherein a rotor of Said Speed increasing 
transmission member is unbalanced mechanically, and the 
main generator is provided So that the unbalance of the crank 
shaft of a four-cylinder engine is compensated. 

4. A hybrid electric Vehicle comprising: 
an engine having a crank Shaft and an exhaust System, 
a main generator driven by Said engine for generation of 

power, 
dynamo-electric machines coupled with a drive shaft of a 

pair of wheels driven by the power from said main 
generator, and 

a controller for controlling Said dynamo-electric 
machines, 

combustion chambers formed in Said engine and consist 
ing of ceramic material and a thermal insulation mem 
ber with an insulation layer provided on an outside 
periphery of a wall of the exhaust System, 
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a turbo-charger provided in the exhaust System, 
an energy recovery turbine provided downstream from 

Said turbo-charger, 
Sub-generators coupled with Shafts of Said turbo-charger 

and energy recovery turbine, respectively, 
a controller for merging output electric power obtained 
from Said Sub-generators and for driving the hybrid 
electric Vehicle, 

a plurality of Second main generators provided respec 
tively on both ends of the crank shaft, and 

a Second controller for merging outputs from the Second 
main generators and the energy recovery turbine and 
for operating the dynamo-electric machine coupled 
with the drive shaft of the vehicle as a motor. 

5. The hybrid electric vehicle as claimed in claim 4, 
wherein the sub-combustion chamber provided on the piston 
head of the engine is formed on the central portion of the 
piston head. 
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6. The hybrid electric vehicle as claimed in any of claims 

1, 2 or 4, wherein Said main generator has a planetary gear 
mechanism and a peripheral gear, and a generation mecha 
nism is provided on the peripheral gear. 

7. The hybrid electric vehicle as claimed in any of claims 
1, 2 or 4, wherein Said main generator has a planetary gear 
mechanism with a peripheral gear and an inner Speed 
increasing gear, and generation mechanisms are provided on 
the peripheral gear and the inner Speed increasing gear, 
respectively. 

8. The hybrid electric vehicle as claimed in any of claims 
1, 2 or 4, further comprising a device to detect the tempera 
ture of the engine, throttle an exhaust gas passage when the 
temperature is low, and introduce combustion gas from an 
exhaust hole to the cylinder. 


